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Canadian National Breast Screening Study:
1. Breast cancer detection and death rates
among women aged 40 to 49 years
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Objectives: To evaluate the efficacy of the combination of annual screening with
mammography, physical examination of the breasts and the teaching of breast
self-examination in reducing the rate of death from breast cancer among women aged 40
to 49 years on entry.
Design: Individually randomized controlled trial.
Setting: Fifteen urban centres in Canada with expertise in the diagnosis and treatment
of breast cancer.
Participants: Women with no history of breast cancer and no mammography in the
previous 12 months were randomly assigned to undergo either annual mammography
and physical examination (MP group) or usual care after an initial physical examination
(UC group). The 50 430 women enrolled from January 1980 through March 1985 were
followed for a mean of 8.5 years.
Data collection: Derived from the participants by initial and annual self-administered
questionnaires, from the screening examinations, from the patients' physicians, from the
provincial cancer registries and by record linkage to the Canadian National Mortality
Data Base. Expert panels evaluated histologic and death data.
Main outcome measures: Rates of referral from screening, rates of detection of breast
cancer from screening and from community care, nodal status, tumour size, and rates of
death from all causes and from breast cancer.
Results: Over 90% of the women in each group attended the screening sessions or
returned the annual questionnaires, or both, over years 2 to 5. The characteristics of the
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women in the two groups were similar. Compared with the Canadian population, the
participants were more likely to be married, have fewer children, have more education,
be in a professional occupation, smoke less and have been born in North America. The
rate of screen-detected breast cancer on first examination was 3.89 per 1000 in the MP
group and 2.46 per 1000 in the UC group; more node-positive tumours were found in
the MP group than in the UC group. During years 2 through 5 the ratios of observed to
expected cases of invasive breast cancer were 1.26 in the MP group and 1.02 in the UC
group. Of the women with invasive breast cancer through to 7 years, 191 and 157
women in the MP and UC groups respectively had no node involvement, 55 and 43 had
one to three nodes involved, 47 and 23 had four or more nodes involved, and 38 and 49
had an unknown nodal status. There were 38 deaths from breast cancer in the MP group
and 28 in the UC group. The ratio of the proportions of death from breast cancer in the
MP group compared with those in the UC group was 1.36 (95% confidence interval 0.84
to 2.21). The survival rates were similar in the two groups. The highest survival rate
occurred among women whose cancer had been detected by mammography alone.
Conclusion: The study was internally valid, and there was no evidence of randomization
bias. Screening with yearly mammography and physical examination of the breasts
detected considerably more node-negative, small tumours than usual care, but it had no
impact on the rate of death from breast cancer up to 7 years' follow-up from entry.

Objectifs: Evaluer l'efficacite de la combinaison de tests annuels de depistage avec
mammographie, examen physique des seins et enseignement de l'auto-examen des seins
pour reduire le taux de deces dui au cancer du sein chez les femmes de 40 a 49 ans a
l'entree.
Conception: Etude aleatoire controlee individuelle.
Cadre: Quinze centres urbains au Canada possedant une competence en diagnostic et
traitement du cancer du sein.
Participantes: Nous avons choisi au hasard des femmes sans antecedents de cancer du
sein et n'ayant pas subi de mammographie dans les 12 mois precedents afin qu'elles
passent soit une mammographie annuelle avec examen physique (groupe MP) ou
recoivent les soins habituels apres l'examen physique initial (groupe UC). Les 50 430
femmes inscrites de janvier 1980 a mars 1985 ont ete suivies 8,5 ans en moyenne.
Collection des donnees: Donnees obtenues des participantes grace au questionnaire
d'entree, aux questionnaires annuels autoadministres et aux examens de depistage et par
l'entremise des medecins traitants, des registres provinciaux de cancerologie et en
etablissant un lien entre le dossier et la base de donnees nationale sur la mortalite au
Canada. Les donnees histologiques et de deces ont ete evaluees par des groupes de
specialistes.
Principales mesures des resultats: Taux de consultation decoulant du depistage, taux de
detection du cancer du sein par depistage et par les soins de sante communautaire, etat
ganglionnaire, taille de la tumeur et taux de deces de toutes causes et par cancer du sein.
Resultats: Plus de 90 % des femmes de chaque groupe ont assiste aux seances de
depistage ou ont retourne les questionnaires annuels, ou les deux, de la 2e a 5e annee.
Dans les deux groupes, les femmes presentaient des caracteristiques analogues. Compa-
rativement a la population canadienne, les participantes etaient plus susceptibles d'etre
mariees, d'avoir moins d'enfants, d'etre plus scolarisees, d'occuper une situation
professionnelle, de moins fumer et d'etre nees en Amerique du Nord. Le taux de cancers

du sein deceles par depistage au premier examen etait de 3,89 par 1 000 dans le groupe
MP et de 2,46 par 1 000 dans le groupe UC; nous avons releve un plus grand nombre de
tumeurs a atteinte ganglionnaire dans le groupe MP que dans le groupe UC. De la 2e a la
5e annees, les ratios entre les cas observes et prevus de cancers envahissants du sein
etaient de 1,26 dans le groupe MP et de 1,02 dans le groupe UC. Parmi les femmes
atteintes de cancer envahissant du sein au cours des 7 annees, 191 et 157 femmes des
groupes MP et UC respectivement ne presentaient aucune atteinte ganglionnaire, 53 et
43 presentaient d'un a trois ganglions atteints, et 47 et 23, au moins quatre ganglions
atteints, tandis que pour 38 et 49 l'etat ganglionnaire etait inconnu. I1 y a eu 38 deces
par cancer du sein dans le groupe MP et 28 dans le groupe UC. Le ratio des proportions
de deces par cancer du sein dans le groupe MP comparativement au taux dans le groupe
UC etait de 1,36 (intervalle de confiance de 95 %, 0,84 a 2,21). Les taux de survie
etaient analogues dans les deux groupes. Le taux de survie le plus eleve a ete observe
chez les femmes dont le cancer avait ete decele par la mammographie uniquement.
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Conclusion: L'etude etait valide sur le plan interne et nous n'avons releve aucune
preuve de gauchissement aleatoire. Le depistage par mammographie annuelle et examen
physique des seins a permis de deceler beaucoup plus de petites tumeurs sans atteinte
ganglionnaire que les soins habituels, mais n'a eu aucun effet sur le taux de deces par
cancer du sein jusqu'a 7 annees du suivi a partir de l'entree.

P art 1 of the Canadian National Breast Screen-
ing Study (NBSS) is an individually random-
ized trial designed to evaluate the efficacy of

the combination of annual mammography, physical
examination of the breasts and the teaching of breast
self-examination in reducing the rate of death from
breast cancer among women aged 40 to 49 years on
entry. '

The NBSS had a prolonged gestation period,
which started with a recommendation in 1974 that a
study be performed.23 A national planning meeting
was held in 1976 and attended by representatives
from most of the centres that eventually participated
in the study. Pilot studies were performed in 1977.
The final design of the study was approved by the
National Cancer Institute of Canada and the Depart-
ment of National Health and Welfare in 1979.

Screening for breast cancer among women aged
40 to 49 years is controversial.4 When the design of
the NBSS was finalized (in 1979) there was no
evidence that such screening was effective among
women in this age group.5 Indeed, the Working
Group to Review the National Cancer Institute-
American Cancer Society Breast Cancer Detection
Demonstration Projects had recommended that a
trial be conducted to examine this issue.5 The NBSS
was designed to meet this need. Subsequently, the
only evidence of the efficacy of screening in reducing
the rate of death from breast cancer in this age group
has come from the long-term follow-up of the Health
Insurance Plan (HIP) study.6'7 However, the evi-
dence is controversial,4 and the findings require
confirmation in another trial. There is clearly little
or no evidence of the effectiveness of mammography
in reducing the rate of death from breast cancer, at
least in the first 10 years after initiation of screen-
ing.8 The largest trial to date involving women 40 to
49 years of age, the Swedish two-county trial,9
showed no evidence of a decreased rate of death
from breast cancer after 11 years of follow-up.

In this article we concentrate on the findings
from the first 7 years of follow-up for women aged
40 to 49 years on entry to the NBSS. Part 2 of the
NBSS, reported in the accompanying article (see
pages 1477 to 1488 of this issue), evaluated the
efficacy of annual mammography over and above
annual physical examination of the breasts and the
teaching of breast self-examination in reducing the
rate of death from breast cancer among women aged
50 to 59 years on entry to the study. Reports on
some aspects of the study have appeared, including

those on the early phase of recruitment,'0 changes in
breast self-examination behaviour," the sensitivity
of the screening methods'2-'4 and the early re-
sults.'5"6

Methods

Coordination

The study was coordinated at the NBSS Central
Office, University of Toronto. During the operation
of the study centres the authors were assisted by a
full-time national coordinator. Each study centre had
a director (usually a physician), a surgeon (some-
times the director of the centre), designated radiolo-
gist(s) and a pathologist. The surgeons, radiologists
and pathologists attended routine meetings during
the screening period.

Centre coordinators were selected from appli-
cants, mostly nurses, with experience in clinic or
study management. Each coordinator received inten-
sive training and support from the central office.
The study procedures were set out in an operations
manual. The national coordinator attended the ini-
tial week of each centre's opening, ensuring that
study procedures were understood and followed.
Thereafter, the national coordinator and two of us
(A.B.M. and C.J.B.) regularly visited the centres.
Phone contact occurred several times a week be-
tween the local coordinators and the national office.
Special day-long meetings were held for the coordi-
nators on a regular (at least annual) basis.

Selection ofthe study centres

The criteria for selecting the study centres were
a base population in an area sufficient to recruit the
required number of participants and a centre in that
area with interest in the study and sufficient profes-
sional expertise to comply with the study protocol.
The protocol required expertise in mammography
and in the diagnosis and treatment of breast cancer.
Since breast screening programs were not in opera-
tion anywhere in Canada at the time the study was
initiated, experience was based on diagnostic mam-
mography. There were no designated training pro-
grams in screening available then in North America
for radiologists and radiographers, or for physicians
or nurse examiners. Instead, special quality-control
mechanisms were established for radiation physics
and radiology,'7-'9 and a protocol was prepared for
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the local training of the physical examiners.'420
Facilities and equipment for modern film-screen
mammography were absolute prerequisites. Xerog-
raphy was not used. The mammography equipment
used in the study has been described previously.2'

Funds were provided in 1980 for 2 screening
centres, in 1981 for 3 more and in 1983 for the
remaining 10. Screening centres were located in
Nova Scotia, Quebec, Ontario, Manitoba, Alberta
and British Columbia.

Sample size

The sample size was fixed to determine whether
a reduction of 40% in the rate of death from breast
cancer would be seen in the intervention group, as
compared with the control group. This level of
reduction was judged appropriate because it was
achieved among women over 50 years of age in the
HIP trial at 5 years after entry6 and it was assumed
that with modern mammography a similar reduction
in the death rate should occur among women aged
40 to 49 years.'

Given the rate of death from breast cancer in
Canada among women aged 40 to 49, the total
sample would have to be 50 000 women, at an a

level of 0.05 and a power of 80% after 5 years of
follow-up.' In practice, at 5 years the number of
deaths from breast cancer was insufficient to achieve
the planned power. Therefore, the follow-up was
extended for 2 years.

Recruitment ofparticipants

Because the study was an efficacy trial, with the
basic planned comparisons internal, we did not
attempt to recruit a representative proportion of the
eligible female population in any of the study areas.

Participants were recruited by various means. In
5 of the 15 study areas population lists were used to
generate personalized letters of invitation. In four of
the five (Toronto, Hamilton, Ottawa and London)
the lists had been compiled for municipal taxes;
about 2 weeks after the letters were sent, staff
telephoned those who had so far not requested an
appointment. In the fifth area (Halifax) the provin-
cial health insurance office sent letters on our behalf;
to protect confidentiality the NBSS staff did not
have access to the records, and no reminder or
telephone follow-up was possible. In Toronto and
Halifax an estimated 25% and 30% respectively of
the women approached were enrolled in the study. A
mailed invitation was given as the reason for enter-
ing the study by 12% of the participants in Toronto,
5% in Hamilton, 13% in Ottawa, 5% in London and
28% in Halifax.22

General publicity was used extensively through

media contacts, often generated by the local divi-
sions and units of the Canadian Cancer Society.
Advertisements were placed in newspapers, public
service announcements were made on radio and
television, and the study staff and physicians associ-
ated with the study were active on local radio and
television shows. A nationally representative board
of patrons, all distinguished women, helped immea-
surably by participating in public service announce-
ments and by generating publicity. An important
and successful publicity measure was an insert with
the May 1982 family allowance cheque, mailed by
the Department of National Health and Welfare.
Publicity was augmented when the then federal
minister of health became a participant.

Nearly 100 000 letters were sent as group mail-
ings to employees of large institutions and to mem-
bers of professional associations.

Major efforts were made to inform physicians in
each of the study areas about the study. A pamphlet
was sent to physicians identified by the College
of Family Physicians of Canada (Ontario). Recruit-
ment through family physicians was not attempted,
because pilot studies had shown that this approach
was not likely to be successful. We identified each
participant's family physician (to whom we sent
reports on the screening results), but their approval
for the recruitment of their patients was not sought.

Because of the extensive use of these overlap-
ping mechanisms to recruit participants, it is diffi-
cult to determine their relative success. However,
women were asked to record their sources of aware-
ness of the study on entry.22 In brief, they heard
about the study mainly through the newspaper
(36.9%), friends (32.1%) and the radio (30.2%). Only
6.6% heard about the study from their physician.

Randomization

The eligibility criteria, described in detail else-
where,' were age 40 to 49 years, no mammography
in the previous 12 months, no history of breast
cancer, no current pregnancy and a signed consent
form.

Randomization was individual and stratified by
centre and 5-year age group. It was done by the local
coordinator, who used lists supplied by the central
office with preprinted identification numbers and
group designations. To equalize group assignments
after every two pages and to avoid large runs of
assignments to one group, randomization was done
in blocks. The blocking of the lists was unknown to

the staff at the screening centres. Two sets of
computer-generated random numbers, one blocked
in twos, the other in fours, were used. An underlying
purpose was the efficient use of the mammography
equipment.
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After the consent form was signed and the
examination by the nurse (or physician in the centres
in Quebec) completed, the record was given to the
local coordinator, who wrote the participant's name
on the next available line on one of the lists
(according to 5-year age group). This procedure also
assigned the woman an identification number. As-
signment occurred regardless of whether the exami-
nation revealed an abnormality. The examiners did
not have access to the lists.

Data forms were shipped to the central office
once a month along with the original randomization
sheets and a copy of the current pages still in use.
These sheets were checked for violations, such as
overwritten name spaces, erasures and unused slots.

Intervention

Women were randomly assigned to undergo
either annual mammography screening and physical
examination of the breasts (MP group) or a single
physical examination of the breasts and annual
follow-up through a mailed, self-administered ques-
tionnaire (UC [usual care] group). The first 62% of
the women who entered the study were eligible for a
4-year program; the remainder were offered a 3-year
program.

All women were taught breast self-examination,
because it is regarded as part of the standard
baseline care for breast cancer detection by the
Canadian Cancer Society. For those who returned to
the screening centres for examination, teaching of
breast self-examination was reinforced.

Procedures

In 12 of the 15 study centres nurses provided
the physical examination of the breasts; in the
remaining 3 centres, in Quebec, physicians were
required to perform this task. If during the physical
examination of the breasts or the mammography an
abnormality was detected, the participant was re-
ferred to the NBSS review clinic, where it was the
study surgeon's role to discuss the mammography
findings with the study radiologist who had read the
films, to examine the participant and to decide
whether further diagnostic procedures were indicat-
ed. Regardless of the group assignment, these proce-
dures could be diagnostic mammography, fluid aspi-
ration, open biopsy or, in women with impalpable
abnormalities on mammography, needle localization
biopsy.

Once the study surgeon had recommended a
diagnostic procedure and the participant had been
informed, the centre telephoned the participant's
physician and sent a letter conveying the recommen-
dation. It was the responsibility of the woman's

physician to decide whether to accept the recom-
mendation and to choose who would implement it.
However, many women referred to the NBSS review
clinic because of an abnormality discovered at
screening (especially on physical examination in the
early phases of the study) were deemed not to
require a diagnostic procedure. Such women were
reassured, and a letter was sent to their physician.

Follow-up

The coordinator for each centre was responsible
for ascertaining whether the recommended diagnos-
tic procedures had been carried out and for collect-
ing reports of the surgical and pathological proce-
dures from the institutions where they had been
performed. Diagnostic procedures could be done
independently of the screening process between
screening visits or at any time after entry for women
in the UC group. These events were identified
during the course of the study through the annual
questionnaires. As soon as it was reported that a
biopsy had occurred the coordinator began the same
chain of action as that for screen-generated biopsies.
A designated NBSS reference pathologist reviewed
the slides of removed tissue. If there was. disagree-
ment between the community pathologist and the
reference pathologist the slides were reviewed by a
panel of three to five NBSS pathologists. All diagno-
ses of breast cancer were histologically verified.

Records for women who moved out of a study
area were transferred to the NBSS centre closest to
the new home to encourage continued attendance.
Otherwise, follow-up was by mail, as for the UC
group.

After participants completed their screening
schedule, direct follow-up stopped for those with no
diagnosis of breast cancer. Information about new
diagnoses of cancer was retrieved by linkage with
provincial cancer registries (in Nova Scotia, Quebec,
Ontario, Manitoba, Alberta and British Columbia)
and occasionally on an ad hoc basis through health
care professionals associated with the study. In
Ontario and Quebec data from the cancer registries
on the number of cases of breast cancer were
available to the end of 1988; in Alberta and British
Columbia the data were complete to the end of 1989,
and in Manitoba and Nova Scotia to the end of
1990. All women known to have breast cancer are
followed up annually by the NBSS central office with
their surgeon or other contact physician.

Ascertainment ofdeath

The death of participants was determined in
several ways. Questionnaires mailed to participants
during the NBSS screening program could be re-
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turned unanswered with "deceased" marked on
them. For women known to have breast cancer
routine annual follow-up through their physicians
indicated whether death had occurred. Linkage with
the Canadian Mortality Data Base (CMDB), Statis-
tics Canada, was performed to identify women who
had died as of Dec. 31, 1988. (The CMDB includes
Canadians who died while residing in the United
States.) Also, several deaths outside North America
were noted through the routine follow-up proce-
dures.

Verification ofcause ofdeath

Death certificates were obtained for participants
who died in Canada. Investigative procedures were
initiated for all deaths of women known to have had
breast cancer, for those whose death certificate
mentioned breast cancer and for those whose cause
of death was reported as unknown, unknown prima-
ry cancer, lung cancer, colon cancer or liver cancer.
All other causes of death were accepted as certified.

Women whose deaths necessitated investigation
fell into one of the following three categories.

1. Women known to have breast cancer, those
whose death certificate mentions breast cancer and
those whose death certificate mentions liver cancer or
unknown primary cancer and whose clinical records
refer in any way to a possibility of breast cancer. The
case file was reviewed by a panel comprising two of
six available surgical, medical or radiation oncolo-
gists. The file included surgical and pathological
reports associated with diagnosis and treatment,
clinical records documenting the natural history of
the disease and records describing the terminal
course of the disease. All identifying information
was removed, and the reviewers were blind to group
assignment. According to the evidence provided, the
reviewers decided whether they considered that the
death was due, probably due, not due or probably
not due to breast cancer. In rare cases of disagree-
ment a third reviewer was enlisted. Since not all
women with breast cancer died of breast cancer, the
panel had to decide whether there was another
underlying cause.

2. Women whose cause of death was recorded as
unknown or unknown primary cancer. Investigations
included acquisition of pathological reports and
clinical notes, autopsy reports and coroner reports.
In the coroner reports many of the causes of death
were violent. In such instances or if the autopsy or
pathological reports indicated an organ site clearly
unrelated to the breasts there was no referral to
panel review. However, if the cancer site appeared to
be ambiguous a panel review was invoked.

3. Women whose cause of death was recorded as
lung or colon cancer. Because of the possibility of

misclassification in such cases, pathological reports,
hospital records and autopsy reports were collected
whenever available; in most cases the death certifi-
cate proved to be accurate. If the hospital records
revealed disagreement among pathologists as to
whether the primary site of cancer was the breast,
slides were reviewed by an external panel of NBSS
pathologists. If the breast was found to be involved
the case was referred to panel review.

NBSS database

The database included records for 50 430 eligi-
ble women enrolled from January 1980 through
March 1985. The coordinator at each screening
centre checked the participant's questionnaire for
completeness, especially the questions related to
eligibility. All questionnaires and medical forms
generated by the study were processed centrally.
Extensive quality control was carried out during data
collection. When forms were filled out incorrectly or
critical fields were not filled in, the relevant screen-
ing centre was asked to identify and correct the
errors.

Risk factors were recorded from the initial
enrolment form and an epidemiologic questionnaire.
The original version of the questionnaire has been
published.' The version completed by most of the
participants differed only in that it was commercial-
ly printed; the variables (all pretested in the pilot
study in Toronto) remained the same.

In cases of breast cancer the reported size and
grade of the tumour as well as the axillary node
status were determined by pathologists in communi-
ty hospitals who conformed to their own standards
of practice. Because of this lack of uniformity,
tumour grades were not incorporated into our analy-
sis. For tumour size, available data were used, even
though for mixed in-situ and invasive tumours the
invasive component was not always measured. If the
community pathologist noted a small microinvasive
component but did not specify its size, such tumours
were tabulated as being less than 5 mm in size.
However, for several tumours no size was recorded.

Terminology

Screen 1 (2, 3, 4 or 5) was used to denote an
event associated with the consecutive screening ex-
aminations. Thus, there can be rates of referral to
the review clinic, biopsy and cancer detection for
screen 1 (2, 3, 4 or 5). These events were independ-
ent of calendar year, since screen-1 exams could
occur in any calendar year from 1980 to 1985.
Screen-detected cancer was diagnosed as a direct
result of a recommendation from the NBSS review
clinic. Interval cancer occurred less than 12 months
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after a screening examination that did not result in a
recommendation for diagnostic evaluation. (In this
context interval cancer could occur in women with
or without an abnormality suspected on either physi-
cal examination of the breasts or mammography.
Thus, if an abnormality was suspected that led to a
referral to the review clinic but no recommendation
was made for a diagnostic procedure, the screen
result was regarded as "negative" even if a cancer
was diagnosed at the same site within the ensuing 12
months.) Cancers designated as interval 1 (2, 3, 4 or
5) reflected the previous screening examination.
Incident cancer occurred more than 12 months after
the previous screening examination.

Analysis

Student's t-test was used to determine the signif-
icance of differences in proportions between the two
groups. A two-sided a level of 0.05 was used as the
cutoff for statistical significance. Only those values
of less than 0.05 are cited in the text. For all ratios of
observed to expected cases of and deaths from breast
cancer 95% confidence intervals (CIs) were comput-
ed.

Death due or probably due to breast cancer was
the main end point for analyses. Death rates were
computed with a person-year analysis on the basis of
stratification by 5-year age group and by centre; it
was assumed that all women not known to be dead
were alive.

The observed numbers of deaths from breast
cancer were compared with those expected (from
national data) with the use of a program described
by Morrison, Brisson and Khalid:23 the time of
normal detection of breast cancer in women whose
age distribution and length of follow-up were similar
to those of the participants was calculated. Popula-
tion-based case-fatality rates were applied to esti-
mate the expected number of deaths from breast
cancer. Canadian data on breast cancer incidence
were substituted for the US data used by Morrison
and associates.

Life-table analysis was used to determine surviv-
al rates among women with invasive breast cancer.24
Deaths' from causes other than breast cancer were
withdrawn from the life table. For comparisons of
survival within groups the date of diagnosis was used
as the entry point in the life table. Survival probabil-
ities were compared with the use of the log-rank
test.25

Exclusionfrom the analysis

Of the 50 472 women entered into the study 42,
distributed equally between the two groups, were
excluded from the analysis for the following reasons:

(a) total refusal (4 participants withdrew from the
study after group assignment and demanded to have
their study records destroyed), (b) wrong screening
procedure (25 women did not undergo mammogra-
phy and should have or vice versa), (c) wrong age
(10 women were less than 40 years at entry) and
(d) recent mammography (3 participants had under-
gone mammography within the year before entering
the study).

The protocol violations judged not to require
exclusion were as follows: (a) double assignment (in
22 cases two women were given the same identifica-
tion number because the coordinator failed to enter
a woman's name on the list after assigning her to a
group and then entered another name on that line;
the error was caught at the time of data entry, and
the woman first given the number was assigned
another one because her name was not on the list)
and (b) wrong age list (in 178 cases women were
assigned using the wrong age list because of an error
in calculating their age from the birth date on the
questionnaire).

Presentation ofdata

Age was defined as age at entry. Attained age
was not used in any analysis. Data were presented as
numbers, rates per 1000 and proportions, as appro-
priate. For economy of presentation the numerators
and denominators from which the rates and propor-
tions were derived have not been included in some
cases. These data are available upon request from
the authors.

Results

The active recruitment phase commenced in
Toronto in January 1980, Quebec in August 1980,
Montreal, Hamilton and Winnipeg in 1981, most of
the remaining centres in 1983 and Alberta in 1984.
The half-way point of enrolment was reached in July
1983. Recruitment stopped in the first five centres
in 1984 and in the remainder at the end of March
1985. Of the 50 430 women included in the analysis
6% were recruited in 1980, 14% in 1981, 19% in
1982, 25% in 1983, 32% in 1984 and 3% in 1985.
Screening continued until June 1988. The follow-up
period ranged from 5.4 to 12 (mean 8.5) years.

Characteristics ofthe study population

Detailed analyses of the epidemiologic charac-
teristics reported on the questionnaire were per-
formed by centre and province. An analysis by single
year of age indicated almost an equal distribution
between the two groups. The number of women
entered fell off with increasing age within each

CAN MED ASSOC J 1992; 147 (10) 1465NOVEMBER 15, 1992



5-year category, an indication that the younger
women were recruited more successfully.

Table 1 summarizes the data for other epidemi-
ologic variables by group. The last column gives the
data for the Canadian population matched for age
and sex.26 Differences between the two groups were
minimal, less than 1% for a given characteristic in
most instances. In addition to the data presented in
Table 1, there were only minimal differences in oral
estrogen use (mean duration 5.7 years).

Compared with the Canadian population the
participants had a similar distribution of marital
status but differed in other respects. They were less
likely to have more than three children and more
likely to have one or two. Substantially more of them
had trade or business training or a university educa-
tion. More had been born in North America and
fewer in Europe or elsewhere. Slightly fewer had
never smoked, and even fewer were heavy smokers.
The average cigarette consumption was 17 per day
over an average duration of 17.2 years (not shown in
Table 1). More worked in health-related, teaching,
managerial or administrative, science-related or
technology-related occupations, with corresponding-
ly fewer in sales and service and "other" occupa-
tions.

Compliance with screening

In the MP group full compliance with screening
after screen 1 (when, by definition, compliance was
100%) varied from 8 5.6% (for screen 5) to 89.4% (for
screen 2). In addition, a small proportion (1.7% to
2.9%) of the women accepted physical examination
but refused to undergo mammography. Of the
women in the MP group 3.5% to 6.5% missed one or
more screens after screen 1 but still submitted
questionnaires. Over 90% of the participants in the
UC group (from 93.3% to 94.9% in the various
years) returned their annual questionnaire.

Referral to review clinic

Table 2 displays the reasons for referral to the
NBSS review clinic. Referrals were more frequent in
the MP group than in the UC group because of
mammographic abnormalities detected in the ab-
sence of physical findings. The contribution of phys-
ical findings to the referral rate was almost equal in
the two groups at screen 1 (14. 1% in the MP group
and 14.6% in the UC group).

Impact ofrecommendationsfrom the screening
centres

Table 3 gives the diagnostic procedures recom-

mended by the study surgeons and the procedures
actually performed, since community surgeons did
not necessarily agree with the procedures recom-
mended. In general, more procedures were recom-
mended and performed in the MP group than in the
UC group, and more were performed at screen I
than at subsequent screens. Diagnostic mammogra-
phy in the community was sometimes recommended
by the study surgeon, more often for women in the
UC group than for those in the MP group. More
diagnostic mammography was performed than rec-
ommended; this reflected a need in the community
for mammography before proceeding to biopsy as
recommended by the study surgeon. All of the
screening centres provided the mammograms on
request to the community physician or institution to
which the participant was referred. Hence many of
the NBSS mammograms were used in the communi-
ty for diagnostic purposes.

Mammography was also performed in the com-
munity and was reported by participants on the
annual questionnaires. In some cases the mammog-
raphy was requested to investigate abnormalities.
The numbers of women reporting one or more
community mammograms during the study period
were 1790 (7.1%) of those in the MP group and 6651
(26.4%) of those in the UC group. The proportion in
the MP group remained stable across the screening
years, ranging between 2.3% and 2.6%. In contrast,
the proportion increased over time in the UC group,
from 7.0% between years 1 and 2 to 18.1% between
years 4 and 5.

Table 4 shows the benign biopsy rates; only
surgical biopsies, with or without needle localization,
were included. The relatively high rates reflect
the large numbers of biopsies done in community
institutions as the definitive diagnostic test. The
rates were particularly high in the MP group and
at screen 1.

Cancer detection rates

The rates of screen-detected cancer, including
in-situ and invasive cancer, are shown in Table 5 by
year of screening examination. Nonattenders were
not included in the denominator for screens 2
through 5. In the MP group the rates were higher at
screen 1 than at other times. At screen 1 the rate of
detection by physical examination, alone or in com-
bination with mammography, was higher in the MP
group than in the UC group (2.70 v. 2.46 per 1000);
this difference was not statistically significant.

The rates of interval cancer are presented in
Table 5. The denominator was the number of
women in the same group who had attended the
previous screen. The rate for interval 1 was higher in

the UC group than in the MP group, but the
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Table 1: Demographic characteristics of women aged 40 to 49 years upon entry into the
Canadian National Breast Screening Study (NBSS) and women in the general population

Study group;*
no. (and %) of women

MP group UC group % of women
Characteristic (n = 25 214) (n = 25 216) in Canada

Marital status
Never married
Married
Separated or divorced
Widowed

No. of live birthst
0

1
2
3
4
5
> 6

Reproductive status
Premenopausal
Perimenopausal
Postmenopausal
Underwent hysterectomy

and oophorectomy
Underwent hysterectomy
Underwent oophorectomy
Unknown

Level of education
Grade 8
Grade 9-13
Trade or business school
University

Family history of breast
cancer, family member

Mother
Sister
Daughter
Second-degree relativet

Place of birth
North America
Europe
Elsewhere
Not available

Cigarette smoking status
Never smoked
Smoked, no. of cigarettes

1-10
11-20
> 20

Used to smoke
Occupation

Not in workforce§
Clerical
Medical or health related
Teaching
Managerial or administrative
Science or technology related
Sales, service
Other

(n = 25 170)
1 639 (6.5)

20 296 (80.6)
2679(10.6)
556 (2.2)

(n = 23 472)
2 331 (9.9)
2 353 (10.0)
7 943 (33.8)
6 281 (26.8)
2 848 (12.1)
1 032 (4.4)
684 (2.9)

(n = 25 214)
16 739 (66.4)

298 (1.2)
1 239 (4.9)

1 586 (6.3)
4 873 (19.3)
171 (0.7)
308 (1.2)

(n = 23 001)
1 892 (8.2)
7 011 (30.5)
8 933 (38.8)
5 165 (22.5)

(n = 9 493)
2 051 (8.1)
831 (3.3)

2 (0.0)
6 609 (26.2)
(n = 25 214)
21 246 (84.3)
3 325 (13.2)
601 (2.4)
42 (0.2)

(n = 25 214)
12 074 (47.9)

1 968 (7.8)
2 355 (9.3)
2 306 (9.1)
6 511 (25.8)
(n = 23 905)
7 912 (33.1)
5 200 (21.8)
2 615 (10.9)
2 148 (9.0)
1 824 (7.6)
768 (3.2)

2 162 (9.0)
1 276 (5.3)

(n = 25 171)
1 636 (6.5)

20 321 (80.7)
2706(10.8)
508 (2.0)

(n = 23 459)
2 369 (10.1)
2 447 (10.4)
7 774 (33.1)
6 186 (26.4)
3 008 (12.8)
1 072 (4.6)
603 (2.6)

(n = 25 216)
16 922 (67.1)

298 (1.2)
1 204 (4.8)

1 492 (5.9)
4 834 (19.2)
165 (0.7)
301 (1.2)

(n = 22 926)
1 956 (8.5)
7 026 (30.6)
8 735 (38.1)
5 209 (22.7)

(n = 9 652)
2 055 (8.1)
872 (3.5)

4 (0.0)
6 721 (26.7)
(n = 25 216)
21 266 (84.3)
3 284 (13.0)
645 (2.6)
21 (0.1)

(n = 25 216)
12 034 (47.7)

1 931 (7.7)
2 351 (9.3)
2 249 (8.9)
6 651 (26.4)
(n = 23 922)
7 874 (32.9)
5 289 (22.1)
2 574 (10.8)
2 156 (9.0)
1 807 (7.6)
781 (3.3)

2 210 (9.2)
1 231 (5.1)

6.1
81.2
9.6
3.1

7.6
9.7

27.2
24.2
15.4
7.6
8.1

25.1
40.4
22.3
12.2

76.1
18.1
5.8

53.9

7.8
13.0
14.0
11.4

32.0
22.4
5.4
4.7
4.3
1.6

17.6
12.0
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*MP = mammography and physical examination (PE) of the breasts, UC = usual care (single PE of the breasts and
annual follow-up by mailed, self-administered questionnaire).
tSingle women not included for comparability with the Canadian population.
tIncludes aunts, cousins and other relatives.
§1ncludes women who were housewives, retired or unemployed.
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difference was not statistically significant. In the MP
group the rate was highest for interval 1.

The denominator for the rate of incident cancer

was the number of women in the same group who
had not attended a screen for over 12 months (Table

5). For women eligible to return for screening at
screens 2 through 4 (those in the MP group) the
denominator was the number of women who had not
returned at the visit before detection. Since one-third
of the study population was eligible for four screens

2

(n = 22 424)
557 (2.5)

1 505 (6.7)
135 (0.6)

1 640 (7.3)

3

(n = 22 066)
531 (2.4)

1 216(5.5)
126 (0.6)

1 342 (6.1)

Table 2: Frequency of referral to review clinic, by screen

Screen; no. (and %) of women
Group; method by which
abnormality detected

MP group
Mammography (Ma) only
PE only
Ma and PE
All PE*

UC groupt
PE

*Number of women whose abnormality was detected by PE alone or in combination with Ma.
tNo figures are given for screens 2 through 5 because women in the UC group were not eligible for rescreening.
tOnly 62% of the women were eligible for the fifth screen.

Table 3: Diagnostic procedures recommended* (R) and performedt (P) per 1000 women, by screen

Screen

2 3 4 5

1

(n = 25 214)
1 118 (4.4)
3 137 (12.4)
432 (1.7)

3 569 (14.1)
(n = 25 216)
3 674 (14.6)

1

Procedure; group

Fluid aspiration
MP
UC

Tissue aspiration or
needle biopsy
MP
UC

Open surgical biopsy
MP
UC

Needle localization
biopsy
MP
UC

Diagnostic Ma
MP
UC

R P R P R P R P R P

19.2 13.2 13.7 11.7 13.1 12.2 12.9 11.4 14.4 13.4
15.3 12.5

16.6 13.4 10.1 8.6 9.4 7.9 7.5 6.1 7.0 5.9
14.4 11.1 - - - - - - - -

26.5 25.3 13.2 11.9 10.8 9.8 9.4 7.6 9.0 8.1
16.8 13.4 - - - - - - - -

16.2 12.4 8.9 7.6 7.7 5.5 8.8 7.0 10.2 7.4
0.4 0.3 - - - - - - - -

1.1 7.7 0.4 1.2 0.3 1.2 0.4 1.5
14.6 15.1 - - - - - -

0.6 1.4

*Procedures recommended by an NBSS surgeon.
tProcedures performed in the community.
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Table 4: Rates of biopsy detection of benign lesions per 1000 women, by screen

Screen; biopsy rate

1 2 3 4 5

Screening method MP UC MP UC MP UC MP UC MP UC

Ma only 18.1 - 10.2 - 7.9 - 7.6 - 8.8
PEonly 9.9 11.5 5.8 - 4.0 - 3.6 - 3.4
Ma and PE 5.6 - 1.6 - 1.3 - 0.8 - 1.0

Overall rate 33.6 11.5 17.5 - 13.1 - 12.0 - 13.2
n 25 214 25 216 22 424 - 22 066 - 21 839 - 14146 _

4

(n = 21 839)
489 (2.2)

1 115 (5.1)
86 (0.4)

1 201 (5-5)

5

(n = 14 146t)
306 (2.2)
681 (4.8)
69 (0-5)

750 (5.3)
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only, it became the denominator in the fifth year
after entry. For women not eligible to return for
screening after screen 1 (those in the UC group) the
denominator was the number of women who were
still alive at the relevant time.

In Table 5 the incident-4 rate in the MP group,
although high, was based on small numbers. The
women in the UC group had relatively stable rates of
incident cancer. For women who entered the NBSS
in 1984 and 1985 the data were probably incomplete
at 6 and 7 years after entry; therefore, the rates of
incident cancer for these years were not included in
Table 5 (the numbers of women with breast cancer
ascertained to date in these years are 47 in the MP
group and 41 in the UC group).

The observed rates of invasive cancer for the 5
years after entry were compared with the expected
rates (determined on the basis of data from Statistics
Canada for 1980-86) (Table 6). Only cases of inva-
sive cancer were included because cancer registries
do not always have data for cases of in-situ cancer.
The numerators were women with screen-detected
interval and incident invasive cancer. The denomi-

nators were women-years at risk. Year 1, the
12-month period from the date of entry, included
women whose cancer was detected at screen 1 and in
interval 1. Year 2 included those whose cancer was
detected at screen 2 or in interval 2 or was classified
as incident 2. The cumulative rates for years 2
through 5 are at the bottom of Table 6. In the MP
group the cumulative ratio of observed to expected
rates of breast cancer was 1.26 (95% CI 0.98 to 1.59);
however, this was not statistically significant. In the
UC group the cumulative ratio was 1.02 (95% CI
0.78 to 1.33).

Nodal status and tumour size ofinvasive cancers

At screen 1 more node-negative tumours and
tumours with four or more nodes involved were
detected in the MP group than in the UC group
(Table 7). The numbers of incident cancers observed
among the women in the UC group for years 2
through 5 were high because these were the women
screened only once, on entry.

Table 7 presents the nodal status by mode of

Table 6: Observed and expected* incidence rates of invasive breast cancer and cumulative rates per 1000 women,
by year

MP group UC group

No. of Observed Expected No. of Observed Expected
Year person-years rate rate Ratio person-years rate rate Ratio
1 25 085 103 31.7 3.2 25 113 83 31.7 2.6
2 25 009 41 33.5 1.2 25 055 35 33.6 1.0
3 24 928 49 35.3 1.4 24 994 37 35.4 1.0
4 24 834 52 37.0 1.4 24 918 39 37.2 1.0
5 24 765 39 38.8 1.0 24 863 37 39.0 0.9

Cumulative ratest 72.7 57.8 1.26 59.3 57.9 1.02
95% confidence interval (Cl) 0.98-1.59 0.78-1.33

*Expected rates were based on data from Statistics Canada, 1980-1986.
tRates for years 2 through 5.

Table 5: Detection rates of breast cancer, including in-situ cancer, per 1000 women, by year

Year; detection rate

1 2 3 4 5
Type of cancer;
screening method MP UC MP UC MP UC MP UC MP UC

Screen-detected cancers
Ma only 1.19 - 0.76 - 0.77 - 1.37 - 0.78
PE only 1.35 2.46 0.62 - 0.54 - 0.50 - 0.71
Maand PE 1.35 - 0.36 - 0.68 - 0.50 - 0.35
Overall rate 3.89 2.46 1.74 - 1.99 - 2.38 - 1.84
n 25 214 25 216 22 424 - 22 066 - 21 839 - 14 146

Interval cancers
Overall rate 0.75 1.11 0.71 - 0.36 - 0.46 - 0.64
n 25 214 25 216 22 424 - 22 066 - 21 839 - 14 146

Incident cancers
Overall rate - - 0.76 1.51 1.03 1.68 2.94 1.84 0.61 1.57
n - - 2 645 25 092 2 917 25 033 3 057 24 954 24 792 24 883
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detection for screen-detected invasive cancers. The
mode of detection in the UC group was physical
examination only, but in the MP group it was
mammography only or physical examination (alone
or in combination with mammography). At screen 1
there were more cases of cancer with four or more
nodes involved detected by means of physical exami-
nation in the MP group than in the UC group (17 v.
5) (p < 0.017). For all screening years combined, 67
(33%) of the 205 cases of invasive cancer in the MP
group were detected by mammography alone; 53
(79%) of them were known to be node negative. Of
the 138 detected by physical examination (alone or
in combination with mammography) 81 (59%) were
known to be node negative.

An analysis of the recorded tumour size for all
cases of invasive cancer has been performed in the
same detail as for nodal status (the findings are
available upon request from the authors). As men-
tioned previously, tumour size was recorded by
different community pathologists with no possibility
for a uniform approach. At screen 1, 44 (51%) of the
86 invasive tumours detected in the MP group and
26 (43%) of the 60 detected in the UC group were
reported to be small (less than 20 mm in diameter).
In general, such tumours accounted for at least 38%
of all incident or interval cancers in the two groups;

for cases in the MP group detected in interval 1 and
classified as incident 2 through 5 cancers the propor-
tions were 25% and 32% respectively.

For all years combined, the MP group had more
small tumours than the UC group if screen-detected,
interval and incident tumours are combined (156 v.
16). Also, the number of large tumours (20 mm or
more) was slightly higher in the former group (1 19 v.
101).

Mortality results

Table 8 provides the causes of death ascertained
from the CMDB, unless the review panel reclassified
the cause. There were several differences between
the two groups in the number of deaths by cause.
Compared with the UC group, the MP group had
more women who died of breast cancer, ovarian
cancer, pancreas cancer, hematopoietic neoplasms,
central nervous system disorders (nonvascular) and
circulatory problems. The reverse was true for
women who died of colorectal cancer, other types of
cancer and miscellaneous causes. Only the difference
in the number of deaths from colorectal cancer was
significant (p < 0.014). The total number of deaths
was almost equal in the two groups.

Table 9 presents the number of deaths from

Table 7: Nodal status of all invasive tumours, by year*

Screen-detected cancer

Year; no. of
nodes involved

Year 1
None
1-3
> 4
Unknown
Total

Years 2-5
None
1-3
> 4
Unknown
Total

Year 6 or more
None
1-3
> 4
Unknown
Total

All years
None
1-3
> 4
Unknown
Total

MP Interval cancer Incident cancer

All Ma alone PEt UC MP UC MP UC

52
14
19
1

86

82
24
9
4

119

17
1
2
1

21

36
7
1
2

46

35
13
17
0

65

46
17
8
2

73

34
16
5
5

60

7
2
6
1

16

13
5
2
4

24

10
4
5
9

28

20
8
5
4

37

20

_ - 3

19
_ 45

134
38
28
5

205

53
8
3
3

67

81
30
25
2

138

34
16
5
5

60

27
10
11
5

53

13
5
2
4

24

30
7
8

28
73

*For all dashes there was no cancer in this category by study design.
tTumours detected at physical examination, alone or in combination with Ma.
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20
15
21

148

18
2
1

19
40

110
22
16
40
188
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breast cancer 7 years after entry. (Fewer deaths from
breast cancer were recorded in Table 8 because the
cutoff for the linkage with the CMDB was Dec. 31,
1988.) For screen 1 there were more deaths in the
MP group than in the UC group. There were no

deaths in the UC group in the categories for screens
2 to 5 or intervals 2 to 5 because there was no
screening in this group after screen 1. The deaths in
the UC group that correspond to these categories in
the MP group largely appear as deaths among the
women with incident cancer. The total numbers of

deaths from breast cancer were 38 in the MP group
and 28 in the UC group; the difference was not
significant. The ratio of the proportions of death
from breast cancer in the MP group compared with
those in the UC group was 1.36 (95% CI 0.84 to
2.21).

The lower part of Table 9 displays the observed
and expected cumulative rates of death from breast
cancer at 7 years after entry. -In the MP group the
observed rate was slightly higher than expected,
whereas in the UC group it was lower than expected.

Table 9: Cumulative number of deaths from breast cancer 7 years
after entry, by study group and time of breast cancer detection

Group; no. of deaths

Time of detection MP UC

Screen 1 11 5
Screens 2-5 11
Interval 1 5 5
Intervals 2-5 4
Incident (> 12 mo after last screen)
Among noncompliers 5
After scheduled end of screening 2 18

Total 38 28

Cumulative rates*
Observed 14.7 10.4
Expected 13.7 13.7
Ratio 1.08 0.76
95% Cl 0.59-1.80 0.36-1.40

*Rates are per 10 000 person-years.
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Table 8: Causes of death to end of 1988, by study group

Group; no. (and %)
of women

Cause* MP group UC group

Cancer
Breast 29 (18.2) 18 (11.5)
Colorectal 5 (3.1) 18 (11.5)
Hematopoietic 11 (6.9) 6 (3.8)
Lung 19 (11.9) 18 (11.5)
Ovarian 12 (7.5) 8 (5.1)
Other gynecologic 0 3 (1-9)
Pancreas 10 (6.3) 6 (3.8)
Stomach 3 (1-9) 5 (3.2)
Other* 16 (10.1) 23 (14.7)

Central nervous system
disorder (nonvascular) 5 (3.1) 1 (0.6)

Circulatory disorder 21 (13.2) 16 (10.3)
Endocrine or metabolic condition 1 (0.6) 3 (1.9)
External cause (violent) 19 (1 1.9) 18 (11.5)
Infection or parasitic disease 2 (1.3) 0
Miscellaneous 3 (1.9) 8 (5.1)
Respiratory disease 2 (1.3) 4 (2.6)
Unknown 1 (0.6) 1 (0.6)

Total 159 156

*The tabulated underlying cause of death was calculated on the basis of all available
information.

NOVEMBER 15,1992



However, the differences between the observed and
expected rates were not statistically significant.

The survival rates from the time of entry were
high and similar in the MP and UC groups: at 7
years 90.2% and 89.9% respectively of the women
with invasive cancer were alive. Table 10 displays
the survival rates from the date of diagnosis. Again,
data for the UC group were only available after
screen 1 as incident cancers. Thus, comparisons
of the survival rates between the two groups for
interval and incident cancers were based on cancers
diagnosed at different times from entry and are not
valid. The only valid comparison of observed surviv-
al rates is for cases detected at screen 1: the survival
rate was better in the UC group than in the MP
group, but not significantly so. Table 10 provides the
survival rates by mode of detection in the MP group.
The women whose cancer was detected by mammog-
raphy only had the highest survival rate, but it was
not significantly higher than that among women
whose cancer was detected by physical examination
(alone or in combination with mammography).

Discussion

Study population and procedures

The NBSS is the largest randomized study

reported to date evaluating breast screening among
women aged 40 to 49 years. The close matching of
the demographic and personal characteristics of the
women in the two study groups overall and by centre
confirms the validity of the group assignment proce-
dures.

The participants differed in several important
respects from the Canadian population. In particu-
lar, they had a higher socioeconomic status. This and
other analyses27-29 have shown that the participants
had, if anything, more risk factors for breast cancer;
therefore, their expected incidence rate of breast
cancer should be at least as great as the rate in the
Canadian population, a finding similar to that in
other screening studies.30

Since those who assigned the women to the two
groups used lists with the randomization pre-
entered, one must consider whether bias occurred. If
there had been a bias to assigning women with
symptoms, obvious risk factors (e.g., a positive
family history) or a palpable mass to the MP group
we would have detected inequalities in the distribu-
tion of relevant risk factors; no such evidence was
found. Furthermore, such bias for those with a
palpable mass was unnecessary, because all women
with abnormalities detected at the physical examina-
tion were to be referred to the study surgeon. Our
quality control included checks on the randomiza-

Table 10: Survival rates among women with breast cancer from date of diagnosis, by detection category and study
group

Screen 1
Year from
diagnosis

1
2
3
4
5
6
7

MP

100.0
100.0
95.9
91.8
90.7
88.7
88.7

No. at time zero
No. (and %)

of deaths

Year from
diagnosis
1
2
3
4
5
6
7

No. at time zero
No. (and %)

of deaths

98

11 (11.2)

uc
100.0
100.0
98.4
98.4
93.3
93.3
91.2

62

5 (8.1)

Screens 2-5 Screen-detected cancer (MP)

MP UC Ma alone PE alone Ma + PE

100.0
99.4
98.8
93.3
92.5
92.5
92.5

161

11 (6.8)

- 100.0
- 100.0
- 99.0
- 95.0
- 95.0
- 95.0
- 95.0

_ 105

- 5(4.8)

Interval cancers

MP

100.0
94.9
93.2
91.4
87.4
82.1
82.1

62

9 (14.5)

uc
100.0
92.9
89.3
89.3
85.6
81.8
81.8

28

5 (17.9)

MP

100.0
96.5
93.8
87.3
82.9
82.9
82.9

76

6(7.9)

100.0
100.0
96.2
90.8
89.3
89.3
89.3

81

100.0
98.6
97.3
91.6
90.0
86.4
86.4

73

8 (9.9) 9 (12.3)

Incident cancers

uc
100.0
97.8
97.1
92.1
91.3
88.3
88.3

206

16(7.8)
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tion process. Errors or falsifications that could have
led to bias were not detected. The original random-
ization sheets were carefully rechecked, specifically
in relation to women who died; no evidence of any
falsification, erasure or other changes was found.
The proportion of women referred for review at
screen 1 on the basis of findings at physical examina-
tion was similar in the two groups (Table 2). There-
fore, assignment bias did not occur.

The NBSS is unique among randomized trials of
breast screening published to date because it collect-
ed data on risk factors for breast cancer from all of
the participants. For a substantial proportion of the
women self-administered dietary questionnaires
were also completed and so far have been used in
two studies.3' 32 Because of the lack of data on risk
factors in recent trials (the HIP study evaluated risk
factors only in samples of control subjects and
women who refused to enter the study33), compari-
son is not possible between the NBSS participants
and those in other trials.

Cancer detection

The cancer detection rates in the MP group
(Table 5) correspond to those reported from previ-
ous studies.34'35 As expected, the rates were higher in
the MP group than in the UC group at screen 1.
These rates were achieved at the cost of substantial
benign biopsy rates, especially for abnormalities
detected by mammography only (Table 4); this
reflected the fact that the screening centres could
only make recommendations to the participants'
family physicians and the main diagnostic approach
in the community hospitals was biopsy. For subse-
quent screens the benign biopsy rates were lower.
The benign to malignant biopsy ratios were substan-
tially higher than those reported from European
studies.36'37

In assessing our interval cancer rates (Table 5)
one must recognize that we included women who
had had an abnormal finding on the previous screen,
either through mammography or physical examina-
tion, but for whom a recommendation for further
evaluation was not made by the study surgeon. Thus,
our rates cannot be compared with those reported
from other studies that involved only women with
negative findings at the previous screen. Further-
more, all of the NBSS participants were taught and
urged to practise breast self-examination, which led
to the detection of cancer in some cases, thus
potentially reducing the delay in diagnosis of breast
cancer.

Substantially more node-negative and small tu-
mours were detected by mammography, and there
was a lower interval-I rate in the MP group than in
the UC group. Yet, with up to 7 years of follow-up

from entry, there was no reduction in the cumulative
incidence of large or node-positive tumours at the
time of diagnosis in the MP group compared with
the UC group. One possible explanation could be
underascertainment of disease in the UC group, but
there was little evidence of this, since the ratio of
observed to expected cases of breast cancer during
years 2 through 5 was 1.02 (Table 6).

The cumulative number of women with "ad-
vanced" cancer was higher in the MP group than in
the UC group; this appears to have been because
more cases of advanced cancer were detected at
screen 1 in the MP group. An analysis of nodal
status, in which the screening centres were classified
into one of three groups depending on their technical
proficiency (low, medium or high), as determined by
the scores from the external review of mammo-
grams,2' revealed that this excess was not associated
with mammography "quality." Thus, of the tumours
with four or more nodes involved that were detected
at screen 1, six in the MP group and two in the UC
group were detected by centres with a low level of
proficiency, eight and two respectively by those with
a medium level, and five and one respectively by
those with a high level. Cross-classification of tu-
mour size and nodal status for screen-1 detections
(not tabulated here) showed that much of the excess
in the MP group at screen 1 was due to small
tumours with four or more nodes involved. Such
tumours may simply have been missed at review in
the UC group; the availability of mammography in
the MP group for all women referred because of
abnormalities at physical examination and the re-
quired consultation between a study surgeon and a
study radiologist at or just before the time of review
probably led to a greater efficiency in cancer detec-
tion in the MP group than in the UC group. This is
supported by the higher detection rates associated
with physical examination findings at screen 1
among women in the MP group than among those in
the other group (Table 5). Although diagnostic mam-
mography was available at the time of review in the
UC group, it was performed in only 5.4% of such
women.

Previous studies have shown a small excess in
the number of advanced tumours or deaths in the
screened group compared with the control group
among women under the age of 50 in the early years
of follow-up38'39 and among women under 55 in the
first 5 years of follow-up.40 Our excess of advanced
tumours may be more pronounced because we en-
rolled the largest number of women aged 40 to 49,
all through screening centres. In other studies invita-
tions to attend screening were randomized, and the
women who refused, not possible in the NBSS, could
have had a diluting effect on the detection of an
excess of advanced cancer.
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Rates ofdeath and survival

The death and survival rates were compatible
with the cancer detection rates in that despite the
early detection of both advanced and early cancers
in the MP group, the rate of death from breast
cancer did not decrease. The use of mammography
and physical examination achieved the expected
breast cancer detection rates, but the only survival
advantage was for the women with breast cancer
detected by mammography alone, presumably be-
cause of lead time.

Although these results were not expected when
the NBSS was started they are less surprising now,
because more women under 55 years of age died of
breast cancer in the mammography group than in the
control group in the first 5 years of the Malmo
trial,40 and a similar trend, albeit less evident, was
seen among women less than 50 in the Nijmegen
case-control study,39 the Swedish two-county trial41
and the Stockholm trial.42 Other studies have shown
no reduction in the death rate among women aged
40 to 49 on entry who were screened,4344 at least in
the first 10 years after screening had been initiated.6
In these studies, noncompliers contributed greatly to
the preliminary death rates; such women did not
exist at the initial screen in our study. Furthermore,
other studies compared screening with no screening,
whereas in the NBSS, women with clinically detect-
able breast tumours were identified in the two
groups on enrolment but were not excluded.

Potential biases that might have influenced our
results must be considered. As demonstrated earlier,
randomization bias did not occur. The number of
deaths from breast cancer since 1988, ascertained
through follow-up of cases and through the cancer
registry linkages, may not represent all such deaths.
Nevertheless, the numbers were similar in the MP
and UC groups (9 and 10 respectively). Given the
almost complete absence of death from breast cancer
in the early years after diagnosis, any cases of breast
cancer diagnosed after the registry linkage cutoff
dates are unlikely to have resulted in deaths that
would materially affect the findings. Furthermore,
the registry linkages covered 91% of the Canadian
female population: any out-of-province mobility re-
corded during the follow-up through the screening
centres had been incorporated in the files used for
linkage. Thus, it seems unlikely that many deaths
were missed or that the missed deaths would
markedly change our observed distribution of deaths
from breast cancer.

Since the total number of deaths as of 1988 was
equal in the two groups, the greater number of
deaths from breast cancer in the MP group and the
greater number of deaths from colorectal cancer and
other causes in the UC group raise the possibility of

errors in death certification. The review of all deaths
from lung cancer and colon cancer and the panel
review process have diminished the likelihood of
this. However, it could be that women with early
detection of breast cancer in the MP group were
deprived of appropriate investigative procedures
when metastases were recognized and that these
metastases were wrongly attributed to breast cancer
by clinicians and the panel. The converse in the UC
group would be to erroneously ascribe metastases to
another primary site instead of breast cancer. Again,
these possibilities are remote.

The main reason for the small difference in the
death rate between the two groups was the higher
number of tumours with four or more nodes in-
volved detected at screen 1 in the MP group than in
the UC group. Although many of these were relative-
ly small tumours, which suggests that the mammo-
grams available for interpretation of abnormalities
detected at physical examination could have moved
up the time of their diagnosis, the difference has not
disappeared and cannot be fully explained.

Finally, the possibility that differences in treat-
ment could have affected the observed death rates
has been investigated,45 since only effective treat-
ment for screen-detected cancers can result in a
reduced rate. The records of all the participants who
died of breast cancer as of January 1990 and those of
a sample of living participants with breast cancer
matched for cancer stage and study centre were
carefully reviewed. A medical and a radiation on-
cologist, blind as to group assignment and outcome,
reviewed the details of chemotherapy, hormone ther-
apy, radiotherapy and surgery. In most cases the
treatment was considered appropriate for the stage
of disease; there was no difference between the
women who had died and those who were alive.
Perhaps the treatment was appropriate for the stage
but not for the particular biologic characteristics of
the tumour, which could not be identified at that
time because the use of biologic markers to indicate
adverse prognostic potential in patients with node-
negative disease is only now becoming established.

In conclusion, our results confirm those from
previously published reports on mammography
screening alone:6 there is no evidence that screening
for breast cancer is effective among women aged 40
to 49 years, at least in the first 7 years after initiation
of screening. Priority must be given to explaining the
difference in effectiveness of screening between
women in that age group and those 50 years or older.

Follow-up of the women enrolled in the NBSS
continues, and we plan to report the 10-year results
in about 3 years.

We thank the women who volunteered to participate in
this trial and who willingly gave of their time and energy
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(Quebec);. Lorraine Grdgoire, Chantal Perret and Lise
Simard (Montreal); Judy Snider (Ottawa); Pat Carpick,
Luby Carr, Carrol Clarkson, Ann Hampson and Bette
Johnston (Toronto); Joan Alvarez and Margaret Opie
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Conferences
continuedfrom page 1454

Mar. 14-18, 1993: 4th International Conference on the
Reduction of Drug Related Harm (sponsored by the
Dutch Ministry of Welfare, Health and Cultural Affairs,
the Municipality of Rotterdam and the International
Journal on Drug Policy)

Rotterdam, the Netherlands
Conference Secretariat, Essenlaan 16, PO Box 4193,
3006 AD, Rotterdam, the Netherlands; tel 011-31-20-
0- 10-452-51-66, fax 011-31-20-0-10-452-07-71

Mar. 18-23, 1993: Association for Applied
Psychophysiology and Biofeedback 24th Annual
Meeting

Los Angeles
Joette Cross, director of meetings, Association for Applied

Psychophysiology and Biofeedback, Ste. 304, 10200
W 44th Ave., Wheat Ridge, CO 80033;
tel (303) 422-8436, fax (303) 422-8894

Mar. 19-21, 1993: Canadian-Trinidad and Tobago
Medical Convention (sponsored by the Trinidad and
Tobago Medical Association)

Trinidad and Tobago
Medical Staff Office, Queensway General Hospital, 150
Sherway Dr., Etobicoke, ON M9C lA5;
tel (416) 253-2938, fax (416) 253-0111

Apr. 4-8, 1993: 13th World Congress on Occupational
Safety and Health

New Delhi, India
Qf,ficial languages: English, French, Spanish, German and
Japanese

Congress Secretariat, 13th World Congress on
Occupational Safety and Health, National Safety
Council, PO Box 26754, CLI Building - Sion, Bombay
400 022, India; tel 011-91-22-4073285, fax 011-91-
22-4075937

Apr. 5-9, 1993: 4th International Meeting on Trace
Elements in Medicine and Biology - Trace Elements
and Free Radicals in Oxidative Diseases (organized by
the Society for Free Radical Research and the Societe
francophone d'etude et de recherche sur les elements
trace essentiels)

Chamonix, France
Official language: English. Simultaneous translation

languages: French-English.
Prof. Alain Favier or Mme. Arlette Alcaraz, Laboratoire
de Biochimie C, H6pital A. Michallon, BP 217X, 38043
Grenoble Cedex 09, France; tel 011-33-76-76-54-07,
fax 011-33-76-42-66-44

Apr. 18, 1993: 5th Annual Symposium on Treatment of
Headaches and Facial Pain

New York
Dr. Alexander Mauskop, Director, New York Headache

Center, 301 E 66th St., New York, NY 10021;
tel (212) 794-3550

continued on page 1498
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